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5XH$XJXVWLQ)UHVQHO0HW]
)5$1&(

DSPD\HU#SSHDVVRIUEKSHUULQ#SSHDVVRIUFHULFEHFNHU#HQVDPHX
GODXUHQWODQJORLV#HQVDPHXHUHJLVELJRW#HQVDPHX
.H\ZRUGVFRPSRVLWHSDUWVVKDSHIRUPLQJFRPSRVLWHDQLVRWURS\FRQWLQXRXVILEHUVWUDQVYHUVDO
IORZVTXHH]LQJ

$EVWUDFW7KHDXWKRUSUHVHQWVDQDSSURDFKWRVWXG\DQLQQRYDWLYHPDQXIDFWXULQJSURFHVVGHYHORSHG
WR SURGXFH FRPSRVLWH SDUWV ZLWK QHZ JHRPHWULFDO SRVVLELOLWLHV 7KH DLP RI WKLV ILUVW VWXG\ LV WR
XQGHUVWDQGWKHPRWLRQVRIILEHUVGXULQJWKHIRUPLQJRIWKLVNLQGRIFRPSRVLWHSDUWVDQGWRH[SORUH
WKH IHDVLELOLW\ RI WKLV IRUPLQJ SURFHVV E\ DQ H[SHULPHQWDO DQDO\VLV DQG )(0 VLPXODWLRQV ZLWK
)RUJH7KHUHOLDELOLW\RIWKHVLPXODWLRQWRRODQGLWVSRWHQWLDOQHYHUH[SORLWHGLQWKLVDUHDZLOOEH
HYDOXDWHG
 ,QWURGXFWLRQ
&DU PDQXIDFWXUHUV DUH VXEPLWWHG WR QHZ UHJXODWLRQV LQ RUGHU WR UHGXFH &2 HPLVVLRQV 7KH
REMHFWLYHV IRU KDYH DOUHDG\EHHQHVWDEOLVKHGE\ WKH(XURSHDQFRPPXQLW\6HYHUDOZD\V DUH
LGHQWLILHGWRIDFHWKHVHQHZFKDOOHQJHVVXFKDVWKH³GRZQVL]LQJ´RQWKHEUDQGQHZPRWRUVSRSXODU
LQ WKH ODVW\HDUVRU WKH³OLJKWHQLQJ´RI WKHFDUVE\UHGXFLQJWKHVWUXFWXUDOSDUWVZHLJKW7KHODWWHU
UHTXLUHVWKHXVHRIGLIIHUHQWPDWHULDOVWRFUHDWHOLJKWHUVWUXFWXUHVDVHIILFLHQWDVWKHROGRQHV

$XWRPRWLYH LQGXVWU\ FUHDWHV SDUWQHUVKLSV ZLWK FRPSRVLWH PDQXIDFWXUHUV WR ILQG QHZ ZD\V WR
PDQXIDFWXUH WRPRUURZFDUV ,Q WKLVFRQWH[W WKH/&)&/DERUDWRLUHGH&RQFHSWLRQ)DEULFDWLRQHW
&RPPDQGHDQG WKH33(3{OHGH3ODVWXUJLHGH O¶(VWGHFLGHG WRXVH WKHLUNQRZOHGJH LQ)RUJLQJ
DQGFRPSRVLWHPDQXIDFWXULQJWRFUHDWHDQHZSURFHVVIRUWKHDXWRPRWLYHDQGDHURQDXWLFLQGXVWULHV
7KHREMHFWLYHVDUHWRFUHDWHVWUXFWXUDOSDUWVE\IRUPLQJPDVVLYHFRPSRVLWHSUHIRUPRYHUWKHJODVV
WUDQVLWLRQWHPSHUDWXUH

0DVVLYH SDUWV PXVW EH PHFKDQLFDOO\ FKDUDFWHUL]HG DQG WKHLU LQWHJULW\ PXVW EH KHDOWK\ ZLWK
PLQLPDOYRLGVFRQWHQWVDQGPD[LPDOILEHUVLPSUHJQDWLRQ7KHVHFKDUDFWHUL]DWLRQVPXVWEHGRQHLQ
RUGHU WR LPSURYH WKH FRQWDFWV EHWZHHQ WKH FRPSRVLWH FRPSRQHQWV DQG FUHDWH D SUHGLFWDEOH
FRPSRVLWHVWUXFWXUH7KHVLPXODWLRQVZHUHSHUIRUPHGZLWKWKHZHOONQRZQIRUJLQJVRIWZDUHFDOOHG
)RUJH ZLWK WKH DLP RI HYDOXDWLQJ WKH FDSDFLW\ RI WKH VLPXODWLRQ WRRO LQ WKLV QHZ FRPSRVLWH
PDQXIDFWXULQJSURFHVV
 3URFHVVSRVLWLRQLQWKHFRPSRVLWHIRUPLQJLQGXVWU\ 
 7KH SURFHVV SUHVHQWHG LQ WKLV DUWLFOHZDV GHYHORSHG LQ RUGHU WR DQVZHU WR WKH DXWRPRWLYH
LQGXVWU\GHPDQGVFRQFHUQLQJWKHPDQXIDFWXULQJRIOLJKWHUSDUWV7RSURGXFHVWUXFWXUDOSDUWVIRUWKH
DXWRPRWLYH LQGXVWU\ WZR³VLQHTXDQRQ´FRQGLWLRQVDUHHVWDEOLVKHGSDUWVPXVWEHUHVLVWDQW WR WKH
VWUXFWXUDOFRQVWUDLQWVLPSRVHGDQGWKH\VKRXOGEHSURGXFHGDWKLJKVSHHG
,Q WHUP RI SHUIRUPDQFH WKH REMHFWLYH LV WR SODFH WKH SURFHVV QHDU WKH&)57 &RQWLQXRXV
ILEHUUHLQIRUFHGWKHUPRSODVWLFDQGWKHZLQGLQJPHWKRG%RWKRIWKHPXVHFRQWLQXRXVILEHUVDWKLJK
ILEHUYROXPHUDWLRZLWKWKHSXUSRVHRIFUHDWLQJKLJKO\UHVLVWDQWSURGXFWV
 ,QWHUPRISURGXFWLRQUDWHWKHREMHFWLYHLVWRSODFHWKHSURFHVVQHDUWKH60&VKHHWPROGLQJ
FRPSRXQG DQG WKH%0& EXONPROGLQJ FRPSRXQGPHWKRGV EHFDXVH WKH\ DUH FXUUHQWO\ XVHG DW
KLJKUDWHSURGXFWLRQV
)LJXUH3ODFHPHQWRIWKHSURFHVVLQWKHFRPSRVLWHPDQXIDFWXULQJIDPLO\
 3UHYLRXVH[SHULPHQWDODQGVLPXODWLRQDOLQYHVWLJDWLRQV
$WWKHEHJLQQLQJRIWKHSURMHFWWKHODERUDWRU\GHFLGHGWRVWXG\WKHIRUPLQJRIFRQWLQXRXVILEHUV
FRPSRVLWH EHFDXVH RI WKHLU KLJK PHFKDQLFDO SHUIRUPDQFHV ,Q WKLV ILUVW VWHS RI WKH VWXG\ LW ZDV
GHFLGHG WRXVHSUHLPSUHJQDWHGXQLGLUHFWLRQDOFRPSRVLWH7KHPDWHULDOFKRVHQDOORZHGDFRQVWDQW
ILEHU YROXPH UDWLR ZLWK DQ HDV\ XVH 7KH SDUWV REWDLQHG GXULQJ WKH H[SHULPHQWDO SKDVH ZHUH
FRPSDUHG WR WKH ELPDWHULDO VLPXODWLRQ UHVXOWV RI WKH IRUPLQJ %\ WKLV FRPSDULVRQ LW ZDV DOVR
SRVVLEOHWRDQDO\]HWKHFDSDFLW\DQGUHOLDELOLW\RIWKH)(0VLPXODWLRQ

D ([SHULPHQWDOLQYHVWLJDWLRQV
7KHEDVLFLGHDRIWKHPDQXIDFWXULQJSURFHVVLVUHVXPHGLQWZRVWHSV
 7KHILUVWVWHSLVWRFUHDWHDVLPSOHSUHIRUPZLWKFRQWLQXRXVILEHUV
 7KH VHFRQG VWHS LV WR IRUP WKLV SUHIRUP DQG WR JLYH WKH SURGXFW VSHFLDO FKDUDFWHULVWLFV
ZKHWKHUPRUSKRORJLFDOIHDWXUHVRUSK\VLFDOFKDUDFWHULVWLFV
7KLV VWXG\ FRQFHUQVPDVVLYH SDUWV$PDVVLYH SDUW LV GHILQHGE\ WKH FRPSDULVRQEHWZHHQ WKH
WKLFNQHVVDQGWKHH[WHULRUUDGLXVRIDF\OLQGHULQWKHFDVHRIDVLPSOHZLQGLQJ>@>@

7KHPDQXIDFWXULQJSURFHVVLQWKLVUHVHDUFKZRUNLVGHVFULEHGDVIROORZ
 7KH ILEHUV DUH LPSUHJQDWHG RXWVLGH EHIRUH WKH IRUPLQJ 7KH SUHLPSUHJQDWHG FRQWLQXRXV
FDUERQ ILEHUV ZLWK SRO\SURS\OHQH IURP WKH SUHIRUP SUHVHQWV D ILEHUV YROXPH UDWLR DURXQG

 )RUPLQJWKHSUHIRUP
 $WWKHHQGRIWKHIRUPLQJWKHSURGXFWFRQWDLQVDERXWRIILEHUVLQLWVYROXPH


)LJXUH)LEHUVGLVSODFHPHQWVRQWZRGLIIHUHQWDUHDV$DQG%

$IWHUIRUPLQJRQHRIWKHWHVWGRQHZDVWRHYDOXDWHWKHLQIOXHQFHRIWKHILEHUVVWDUWILQLVKSRVLWLRQ
RQILEHUVLPSUHJQDWLRQVHH)LJXUH7KHSDUWXQGHUJRHVKLJKFRQVWUDLQWVGXULQJIRUPLQJDQGWKH
ILEHUVLPSUHJQDWLRQSUHVHQWVDUHDOLQWHUDFWLRQZLWKWKHK\GURVWDWLFDOSUHVVXUHLQGXFHGE\WKHWRROV
7KH VLPXODWLRQV ZHUH GHYHORSHG WR VKRZ WKLV REVHUYDWLRQ DQG WR SUHVHQW D VLJQLILFDQW
GHSHQGHQFHEHWZHHQWKHILEHUVLPSUHJQDWLRQDQGWKHSUHVVXUHH[HUFLVHGE\WKHPHOWHGSRO\PHU

E6LPXODWLRQDOLQYHVWLJDWLRQ

7KH VLPXODWLRQV ZHUH SHUIRUPHGZLWK WKH VRIWZDUH )RUJH $ %LPDWHULDO VLPXODWLRQPRGHO
ZDVXVHGZLWKD1HZWRQLDQSRO\PHUEHKDYLRUDQGDGHIRUPDEOHSDUWIRUWKHILEHUV7KHH[SHULPHQWDO
DQGVLPXODWLRQUHVXOWVZHUHFRPSDUHGE\DQDO\]LQJDFURVVVHFWLRQRIDSDUWVHH)LJXUH


)LJXUH&RPSDULVRQRIWKHGLVSODFHPHQWVRIWKHILEHUVEHWZHHQWKHDELPDWHULDOVLPXODWLRQDQGDEH[SHULPHQWDO
UHVXOWVRQWKHUHDOSDUW

7KHXVHRIWKLVVLPXODWLRQPHWKRGJDYHVRPHFRQFOXVLYHUHVXOWV

9 7KHELPDWHULDOSURFHGXUHSUHVHQWHGFRUUHFWGLVSODFHPHQWVRIWKHILEHUVLQPDQ\FDVHV

9 7KH LPSUHJQDWLRQRI WKH ILEHUVEHFDPHKLJKHU DW WKHFHQWHURI WKHSDUWDWKLJKHUYDOXHVRI
SUHVVXUH
$ %
D E
7KH VLPXODWLRQ UHVXOWV ZHUH LQ JRRG DJUHHPHQW ZLWK WKH H[SHULPHQWDO REVHUYDWLRQV 7ZR
FRQFOXVLRQV ZHUH LGHQWLILHG  WKH SUHVVXUH KDV DQ LPSRUWDQW HIIHFW RQ WKH GLVSODFHPHQW RI WKH
ILEHUVDQGWKHLULPSUHJQDWLRQYHU\LPSRUWDQWIRUWKHPHFKDQLFDOOLPLWVRIWKHSDUW7KLVUHODWLRQLV
GXHWRWKHQRQ1HZWRQLDQYLVFRVLW\RIWKHPHOWHGSRO\PHU7KHGLIIHUHQFHEHWZHHQWKHVLPXODWLRQV
DQG WKH UHDOSDUWV FDQ EH H[SODLQHG E\ WKH EHKDYLRU RI WKH PHOWHG SRO\PHU ZKLFK LV LQGXFLQJ
SUHVVXUHILHOGVGXULQJWKHSURFHVVLQJ7RLQFUHDVHWKHHIILFLHQF\RIWKHVLPXODWLRQVLWLVQHFHVVDU\WR
RSWLPL]HWKHUKHRORJLFDOEHKDYLRURIWKHPDWHULDOLQWKHVLPXODWLRQVRIWZDUHLQRUGHUWRFRYHUDOOWKH
VKHDU UDWHV FDVHV  7KH SUHSDUDWLRQ RI WKH VLPXODWLRQ PXVW EH RSWLPL]HG UHPHVKLQJ SURFHVV
HVSHFLDOO\IRUWKLVELPDWHULDOFDOFXODWLRQPHWKRG

)RU WKH QH[W VWDJHV RI WKH VWXG\ FRPPLQJOHG FRPSRVLWHV ZLOO EH XVHG EHFDXVH RI WKHLU ZLGH
DSSOLFDWLRQ SRVVLELOLWLHV8QIRUWXQDWHO\ WKHVH FRPSRVLWHV  KDYH VRPH GUDZEDFNVGXULQJ WKHKLJK
SUHVVXUHVIRUPLQJOLNHVRPHGLVSODFHPHQWVRIWKHPHOWHGSRO\PHUEHWZHHQWKHILEHUV>@
 'LVFXVVLRQDERXWFXUUHQWZRUN

7KH SUHYLRXV UHVHDUFK ZRUN SHUPLWWHG WR XQGHUVWDQG WKH EHKDYLRU RI FRPSRVLWHV GXULQJ WKH
PDQXIDFWXULQJSURFHVV7KHFRPSRVLWH WUDQVYHUVH UKHRORJ\DWPHOWHG WHPSHUDWXUH LVFRQVLGHUHGDV
DQHVVHQWLDOSURSHUW\RIWKHSURFHVV,QWKHOLWHUDWXUHWKLVSK\VLFDOEHKDYLRULVGHILQHGE\WZRWHUPV
WKHWUDQVYHUVHIORZRI&)57FRQWLQXRXVILEHUVUHLQIRUFHGWKHUPRSODVWLFV>@DQGWKHVTXHH]LQJRI
&)57>@,QWKHVHVWXGLHVWKHDXWKRUVSUHFLVHDVLJQLILFDQWUHODWLRQEHWZHHQWKHWUDQVYHUVHYLVFRVLW\
DQG WKH ILEHU YROXPH UDWLR 7KLV UHODWLRQ LV LPSRUWDQW LQ WKH FDVH RI WKLFN VWUXFWXUDO SDUWV 7KH
SUHVVXUHV DQG WKHQ WKH LQGXFHG GHIRUPDWLRQV GXULQJ WKH IRUPLQJ DUH FOHDUO\ GHSHQGHQW RQ WKH
LQWULQVLFUKHRORJ\RIWKHFRPSRVLWH
 
7KHVWXG\ZDVVHSDUDWHGLQWZRVWHSVLQRUGHUWRXQGHUVWDQGWKHSK\VLFDOSKHQRPHQRQ

 ,Q WKH ILUVW VWHS D QXPHULFDO PRGHO LV FUHDWHG DQG FRPSXWHG LQ D VLPXODWLRQ WRRO OLNH
$EDTXV RU )RUJH 7KLV PRGHO LV D UKHRORJLFDO PRGHO FRQVLGHULQJ LQ D ILUVW WLPH WKH
FRPSRVLWH DQG KLV WUDQVYHUVH YLVFRVLW\ZLWK D &DUUHDX<DVXGD >@ DQG$UUKHQLXV FRXSOHG
ODZ>@7KHREMHFWLYHLVWRFRPSDUHWKHYRLGFRQWHQWLQDSDUWDQGWKHFRQVWUDLQWGLVWULEXWLRQ
LQWKHQXPHULFDOPRGHOZLWKDVLPSOHH[SHULPHQW$QLPSRUWDQWSRLQWLVWKDWWKHWRRODQGWKH
SDUWZLOOEHKHDWHGDWWKHVDPHWLPHLQDODERUDWRU\HQYLURQPHQWWRPLQLPL]HWKHLQWHUDFWLRQ
EHWZHHQWKHGHYLFHVDQGWKHFRPSRVLWH7KHPRGHOZLOOEHYDOLGDWHGIRUDORZFDGHQFH

 ,QVHFRQGVWHSWKHQXPHULFDOPRGHOZLOOEHFRQIURQWHGWRDQRWKHUFDVH7KHREMHFWLYHLVWR
YDOLGDWHWKHKHDWLQJRIWKHFRPSRVLWHRXWVLGHDWKHUPRUHJXODWHGPROGLQRUGHUWRYDOLGDWHD
KLJKHUFDGHQFH

7KH ILUVW VWHS ZDV VWDUWHG ZLWK D VLPSOH PDFUR VLPXODWLRQ LQ RUGHU WR VKRZ WKH SUHVVXUH
GXULQJWKHIRUPLQJ7KHPHOWHGSRO\PHUKDVDUKHRORJLFDOEHKDYLRUGLIIHUHQWWKDQFXUUHQWPDWHULDOV
XVHGLQ)RUJH6WHHOPRVWRIWKHWLPH$&DUUHDX<DVXGDPRGHOZLWKDWKHUPRGHSHQGHQFHZLWK
$UUKHQLXVZDVLPSOHPHQWHGSRLQWWRSRLQWLQRUGHUWRFRYHUDOOWKHVKHDUUDWHVRIWKHPRGHO

)LJXUHD&DUUHDX<DVXGDFRPSDULVRQIRUD300$	)RUJHVLPXODWLRQUHIHUHQFHWHPSHUDWXUH&±E
IRUPLQJDSRO\PHUDWPHOWHGWHPSHUDWXUHUHG PD[LPXPSUHVVXUHEOXH PLQLPXPSUHVVXUH 
7KHVLPXODWLRQVFRQILUPWKDWWKHSUHVVXUHLQWKHPHOWHGSRO\PHUSDUWKDVDVSHFLDOGLVWULEXWLRQ
DQGWKDW WKHSUHVVXUHILHOGKLVWRU\RIWKHSDUWFDQQRWEHQHJOHFWHGWRSUHGLFWWKHGLVWULEXWLRQRIWKH
ILEHUVLQWKHILQDOSDUW
7KLV PRGHO ZDV LPSOHPHQWHG LQ WKH VRIWZDUH ZLWK VXFFHVV DQG WKH IRUPLQJ VLPXODWLRQV RI D
VLPSOHWKHUPRSODVWLFF\OLQGHUZDVUHDOL]HG7KHQH[W
VWHS RI WKH VWXG\ ZDV WR LPSOHPHQW D PDFURPLFUR
PRGHO LQ )RUJH ZLWK WUDQVYHUVH DQG ORQJLWXGLQDO
YLVFRVLWLHV RI WKH FRPSRVLWH DQG FRPSDUH LW WR D
IRUJHG SDUW GRQH DW D ODERUDWRU\ VL]H 7KH ILEHU
YROXPHUDWLRDQGWKHYRLGFRQWHQWVZLOOEHPHDVXUHG
XS WR WKH QRUPDOL]DWLRQ >@ FRPSDUHG WR WKH
K\GURVWDWLFDO SUHVVXUH IRXQGHG E\ WKH VLPXODWLRQV
:H GHILQHG KRZ WR LQSXW D FRXSOLQJ EHWZHHQ WKH
YLVFRVLW\DQGWKHILEHUYROXPHUDWLRDQGLPSOHPHQWLW
LQDVLPXODWLRQWRROE\DVLPSOHDOJRULWKP7KHLQLWLDO
SDUW KDV GLIIHUHQW DUHD ZLWK GLIIHUHQW ILEHU UDWLR
7KHVH ILEHUV UDWLRV LQGXFH EHKDYLRU ODZ RQ D ORFDO
DUHD &RXSOHG WR ERXQGDU\ FRQGLWLRQV WKURXJK DQ
LQFUHPHQWRI WLPH WKH VLPXODWLRQ WRROFDOFXODWHV WKH
SUHVVXUH ILHOG DQG WKHQ WKH GLVSODFHPHQWV RI WKH
ILEHUV7KHILEHUVYROXPHUDWLRLVUHFDOFXODWHGDQGWKH
FRXSOLQJVWDUWVDJDLQ
)LJXUH(YROXWLRQRIYROXPLFILEHUUDWLR
 &RQFOXVLRQV	2XWORRNV

$QLQLWLDOVWHSZDVUHDOL]HGWRLGHQWLI\
7KHLQIOXHQFHRIWKHSURFHVVRSHUDWLQJSDUDPHWHUVOLNHWKHYLVFRVLW\DQGWKHWHPSHUDWXUH
$OLQNEHWZHHQWKHILEHUVLPSUHJQDWLRQDQGWKHSUHVVXUHILHOGKLVWRU\LQGXFHGE\WKHIRUPLQJ
7KH REVHUYDWLRQ RI WKH FXW SDUW VKRZV WKDW WKH ILEHUV LPSUHJQDWLRQ DQG WKHLU SODFHPHQW DUH
GHSHQGHQWRQWKHK\GURVWDWLFSUHVVXUHLQGXFHGE\WKHWRRODQGE\WKHSURFHVVLQJSDUDPHWHUV
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